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ABSTRACT

Many building energy analysis tools, ranging from the simplest to the
most sophisticated, are applicable to the design of large commercial
buildings. This paper focuses on two of the sopinisticated, detailed, and most
powerful of these tools: the DOE-2 and BLAST computer programs. DOE-2 and
BLAST are generally classed as high-level, computer-dynamic methods that are
based on hour-by-hour computation.

These tools are placed in the context of building energy analysis, and
the motivation for their development is traced. The characteristics ot DOE-2
and BLAST are discussed, with emphas.. on their solar simulation features, ana
their capabilities are contrasted and related. Three case studies,
illustrating typical applications of the programs to the retrofit ot existing
buildings and the design of new buildings, are presented: a passive sclar
retrofit ot an otfice building, the use ot DOE-2 as a predesign analysis tonl,
and the use of BLAST in a research and development application.

Future directions in research and development needs tor high-level
building energy analysis touls and the progress being made towdrd incredss-G use
ot these tools are discussed,

I. INTRODUCTIUN

The design of energy-efticient, envelope-dominated (residential and smail
commercial) buildings hay been studied for several years and is now tairly well
understoud. On Lhe other hand, only recently have there been concertod etforts
to design energy-ctticient large commercial buildings that are internal load.
dominated. The thermal behavior of ldarge commercial buildings is mvwve complos
bec.use of mullizone interactions, the greater need o0 humidity control, and

Lthe dominence of cooling and lighting lvads.  The anteraction ot the burlding



envelope; heating, ventilating, and air-conditioning (HVAC) system; and plant,
under part-load conditions, makes it difficult to integrate hourly loads to
determine annual energy consumption.

For passive solar heating, cooling, and lighting strategies in particular,
architects and engineers who design large commercial buildings have not
developed their intuition to the point where these complex interactions are
understood. Therefore, their intuition generally cannot yet lead them to
appropriate energy-efficient design strategies. As a consequence,
sophisticated building energy analysis computer progrims are necessary,
particularly during the latter phases of design, to guide the designer's
approach.

Although there are many sophisticat.d computer--dynamic tools available in
the public and private domain, DOE-2 and BLAST are the two most widely used
public-domain building energy analysis computer programs. The application of
these programs to big building design, with particular emphasis on passive
solar applications, is the subject of this paper.

First, DOE-2 and BLAST are related to the general building energy analysis
context. Then, their characteristics are described, followed by presentation
of three examples of their use in big building d2sign. Findily, somw future
directions for these and similar high-level analysis tools are discussed.

II. THE BUILDING ENERGY ANALYSIS CONTEXT

In examining the building energy andlysis context in which computer-
dynamic tools such as DOE-? and BLAST are applied, we see that it is the uses
to which a builaing energy analysis is applied that determine which tools

should be used dnd how they are used. This context has three dimeasions:
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° the type of building and its energy complexity;

° the type of application: existing buildings, new buildings, or
research and development; and

[ the phase in the design process.

Building Type: Loads Versus Energy Consumption

The first dimension is established because we are dealing with large
commercial buildings in which HVAC system interactions and plant part-load
operation have a significant influence on the energy consumption of the
building. In fact, the energy consumption follows the occupancy/operational
patterns and is generally not proportional to the envelope loads.

Furthermore, traditional design has been based only on pa2ak load conditions
characterized by winter and summer design days.

In contrast, the design of energy-efficient buildings requires that loads
be integrated throughout the year, taking into account the dynamics of
transient operatiun and the control and part-load operation of the HVAC system
and plant. Consequently, tu determine accurately the annual energy
consumption of a proposed design, the analysis tool must model the dynamics of
transient operation and the operation and control of the HVAC system and plant.

Type of Application: How Do We Use a Building Energy Analysis?

A building energy analysis may be used for the retrofit of an existing
building, the design of a new building, or for research and development lcuuing
to improved building designs or design tools. Analysis ot existing bhuildings
may be used in an energy audit to determine base-case encrgy consumption
characteristics by end-use category, anc then to iagentify cost-etfective
energy conservation opportunities (ECOs). Similar analyses are used tc
determine cost-efteclive passive and active solar retrotits. Although *he

more obvious tirst-cut ECOs can be identified by examination or by using very



simple analysis tools, the less obvious but still important ECOs usually
require careful analysis of coupled effects using computer-dynamic methods.
For example, as lighting and cooling energy use are reduced, heating may
become more important. Rretrofits cannot be studied independently and in
isolation; their effect on the operation of the who'e building system must be
assessed.

In new building design, high-level computer-dynamic tu.ls can be used trom
the predesign through the construction document phases, as discussed below.
Bear in mind that coupled systcms effects must be considered, especially in
schematic design and design development. For example, the interaction of a
proposed passive solar strategy with the operation of the HVAC system may
completely alter or nullify the intended effect of the passive solar strategy.
Consequently, appropriate tools that accurately model these often complex and
counter-intuitive interactions, should be used where these effects
significantly affect the intended use of the building energy analysis.

For research and development work, analysis tools are used in energy
transtfer studies and for strategy, concept, and component performance
assessments. In such cases, specialized tools are required that accurately
model the details of complex cnergy flows and nonstandard components or system
configurations. Such speciali.ed and detailed characteristics are normally
found only in computer-dynamic tools such as DOE-2 and BLAST.

The Design Process

A representation of the building design process is shown in Fig. 1. Note
that in the predesiygn phase the tasks are to establish the base-case energy
goals and budget, to identify the energy problem and its characteristics, and
to identity potential energy-efficient and soiar design approacles. Although

computer-dynamic tools may be used in this phase (see the predesign analysis



case study described in Section IV), they are usually cumbersome and ¢ xpensive.
Very simple touls that can be used quickly, easily, and inexpensively are best;
great detail and sophistication are not required.

In conceptual and schematic design, inappropriate approaches must be
eliminated and a few aporopriate alternative strategies need to be evaluated.
One or two schematic designs are then selected for detailed evaluation. During
these phases, computer-dynamic tools such as DOE-2 and BLAST can be used
effectively, but again they are often more difficult to apply than simgle
methods. However, where coupled-effects and/or HVAC system and load
interactions are significant, the tools selected must accurately take such
erfects into account.

Computer-dynamic tools are most appropriate in the design development and
construction document phase" when the tasks are to optimize and refine the
design and to check the design against the established energy budget.
Parametric studies used to seiect final design parameters are easily
accomplished using such tools as DOE-2 and BLAST.

Available Building Energy Analysis Methods

Building energy analysis methods are often classified as single-measure,
multiple-measure, and computer-dynamic [1]. Single-measure methods include
the Modif ied Degree-Day Method and the Equivalent Full-Load Hours Mcthod. The
Modif ied Degree-Day Meihond is restricted to singie-zone, envelope-dominated
structures; the Equivalent Full-Load Hours M:=thod is highly empirical and has
not been validated. Neither is applicable to large comercial buildings.

The multiple-measure methods include the Bin and Mudified Bin Methods [1]
and graphical methods such as Energy Graphics [2]. Although the Modified Bin
Method includes HVAL system and plant eftects and can be sufficinnt!y

accurate, it is limited in flexibility and detail and iy time-consuming and



tedious if done by hand. Energy Graphics appears to have considerable promise
for application to the early design phase, but is not yet well established or
validated.

Finally, the computer-dynami- category includes many public and private-
domain computer programs, covering a wide range of applications [3]. The key
capabilities of high-level tools such as DOE-2 and BLAST are in the
hour-by-hour simulation of the dynamics of transient operation throughout the
year and their detailed simulation of the operation and control of the HVAC
sysiem and plant. Table 1 lists the significant capabilities of these
high-level programs for application to large commercial building analysis and
design. In many cases the detailed accounting of the effects listed is quite
significant.

II1. THE PUBLIC DOMAIN PROGRAMS DOE-2 AND BLAST

The DOE-2 and BLAST building energy anaysis computer programs were
developed by the US Government to provide fast and easy-to-use, yet detailed
and comprehensive, programs for commercial and residential builuings. Both
programs have been validated and documented in varying degrees. Both have the
basic structural features of loads, HVAC system, primary energy plant
equipment, and economics subprograms.

VoE-?

Sponsored by the US Department of Energy, Office of the Assistant
Secretdry for Conservation and Renewable Energy, the DOL-2 computer program
has been under development since 1977 [4]. Lawrence Berkeley Laboratory (LBIL)
has been the lead laboratory in the DOL-2 development effort, with assistance
from the Los Alamos National Laboratory; Argonne National Laboratory provided
assistance during the first two years of the project. DOE-? is a detailed
hour-by-hour program that uses hourly weather data as input. A key feature ot

DOE-2 is ils ippul processor, which uses a Building Description Language (BDL)
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that allows the user to describe the building and its operation in
architectural and engineering terminology. BDL simplifies the input process
by allowing the user to default most input quantities. BDL also screens the
input for errors and inconsistencies.

The DOE-2 LOADS program is based largely on ASHRAE algorithms and uses
the weighting factor loads calculative method. Details of the building
construction, shading, zone configurations, and internal load schedules may be
entered by the user. During early design phases when such details are not
known, extensive use of default values may be made. Both peak and hourly
loads are calculatea,

Some 23 HVAC systems are simulated in the DOE-2 SYSTEMS program.
Features include modeling of control strategies, economizer cycles, exhaust
air heat recovery, and operation of the supply and return fans.

The PLANT program simulates the operation of the primary energy supply
and conversion equipment including boilers, chillers, cooling towers, and
electrical generators. An active solar system simulator [5], which is based
on the structure of the TRNSYS program [6], includes both preconnected and
user-assembled solar heating and cooling systems. Energy storage and heat
recovery equipment are also modeled in PLANT. Accurate simulation of the
part-load performance of all plant equipment is a key feature of the PLANT
program; output includes hourly, monthly, and annual eneryy consumption by
end-use category.

Extensive documentation is available for DOE-2 including a Users Guide
[7], Sample Run Book [8], and Reterence Manual [4]. The Program Manual
describing all program algorithms in detail for earlier versions of DOE-2 is

being replaced by an Engineers Manual that is in preparation.
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A comprehensive validation program for DOE-2 is nearly complete. This

program has included line-by-line coding checks, as well as comparisons with
other building energy analysis program results and comparisons with metered

building data [9].

DOE-2 is available at LBL and at several computer service bureaus. It
runs on CDC and IBM mainframe computer systems.

Various passive solar capabilities have recently been added to DOE-2
[10], including direct gain, thermal storage wall (vented and unvented), and
sunspace systems (see Table 2). Some of these features are still being tested
and are expected to be available in the near future. Note that because of the
weighting factor methodology useu to calculate loads, which does not compute
wall surface temperatures, comfort conaitions cannot be determined accurately
by DOE-2. Also, night-ventilative-cooling accuracy and flexibility is limited
because of the weighting factor approach used. Additional passive solar
cooling and daylighting capabilities are to be added to DOE-2 in the near
future.

BLAST

The BLAST building energy analysis computer program was developed by the
US Army Construction Engineering Research Laboratory (CERL) with recent
assistance from LBL [11]. BLAST is also a detailed hour-by-hour computer
program using hourly weather data as input. Like DOE-2, BLAST has a
user-oriented input language with default and input screening capabilities.
The latest version available to the public is BLAST 3.0.

In contrast to DOE-2, BLAST uses a thermal balance approach to calculate
building loads. Consequently, BLAST calculates wall surface temperatures

allowing the determination of mean radiant temperatures and comfort conditions.



BLAST simulates a wide variety of HVAC systems, their operating and
contral systems, fan systems, and economizer cycles and exhaust air heat
recovery. It uses computed space loads, weather data, and user inputs
describing the air-handling system to calculate hot and chilled water, stean,
gas, and electric demands on the air-handling system. Similarly, the BLAST
PLANT program simuiates the part-load operation of primary energy equipment.
Its active solar simulator models a standard, preconnected 1iquid solar
neating and cooling system. PLANT output is similar to that of DOE-Z.

Documentation for BLAST consists of a Users Manual [11] and an Input
Booklet [12] that contain da.a input forms for all BLAST instructions.
Limited validation data for the BLAST program have been published [13].

Like DOE-2, BLAST is available only on mainframe CDC and IBM computers at
a number of Department of Defense installations and computer service bureaus.

Because of its thermal balance loads calculative procedure, BLAST has
more extensive and flexible passive solar heating and cooling capabilities [14]
(Table 3) than DOE-2. For direct-gain heating applications, BLAST accurately
simulates the distribution of solar gains on internal surfaces on an
hour-by-hour basis and accounts for solar gains transmitted from exterior to
interior zones. It accounts for the dynamic conductive and convective
coupling among zones using a simultaneous solution technique. Attacheu
surfaces and reveals, oetache¢ body shading surfaces, and moveable insulation
can be modeled. Control is provided by a schedule, energy flow, or
temperature difference.

Thermal mass may b.. included as part of the zone structure or may be
added internal to the zone. Thermal storage walls, with or without

thermocirculation are modeled, including the venting of the storage wall to



the outside, driven by stack-effect natural convection within the storage wall
air channel.

A first-order daylighting algorithm, as well as direct forced ventilative
cooling, is included in BLAST. A roof pond heating/cooling model is to be
added as an update to BLAST 3.0.

IV. HOW ARE DOE-2 AND BLAST USED FOR BUILDING ENERGY ANALYSIS? THREE CASE

STUDIES.

The flexibility and power of DOE-2 and BLAST as analysis tnol- applied in
various phases of the design process will be illustrated by three case stuaies.

Tne Passive Solar Retrofit of an Qffice Building.

One of the projects in the Passive Soiar Commercial Buildings Program,
sponsored by DOE, was the retrofit of a six-story office building at
Carnegie-Mellon University (CMU) in Pittsburgh, Pennsylvania. This building,
the administration building for CMU, was very energy-inefficient as it was
constructed and as it is now operated. The objactive of the redesign study
was to characterize the energy use of the existing building and to identify a
series of cost-effective passive solar, or other, retrofits that could be
implemented by the University. The Los Alamos National Laboratory assisted
the Center for Building Sciences at CMU and its consultants by running DOE-2
in the retrofit analysis. The objective of the Los Alamos involvement was to
run DCE-2 indepenuent of, and as a check against, the analysis of the energy
consuitant on the project, "nercorp of Washington, DC. The Los Alamos resuvlits
and conclusions were compared with those of Enercorp, whose analysis was
constrained by a tight architectural/engineering (A/E) budget. The Los Alamnos
study was not so constrained and consequently was more thorough.

First, a detailed DOE-2 analysis of the existing building encrgy

consumpt ion was made and then a set of obvious energy conservation
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modif ications (increased insulation, reduced lighting levels, and night HVAC
system shutdown) was assessed by both Enercorp and Los Alamos. Then a series
of six passive solur retrofits to the "modif ied" building, specified by CMU,
was assessed usi:g DOE-2. These retrofit options are listed in Table 4. The
runs were basea on independent assumptions and interpretations of the as-built
drawing. and field data gathered from CMU personnel by Enercorp and

Les Alamds. However, Los Alamos had the benefit of more recent field data
from the pbuilding.

Several aifferences between the Enercorp and Los Alamos moaeling
assutptions for the existing building and, therefore, for all subsequent runs,
skould be noted. Whereas Enercorp modeled a single Variable Air Volume (VA\)
system for the building core and basement, Los Alamos used two coustant valume
systems, one for each of these areas. Furthermore, Los Alamos assumed the
mechanical room to be conditioned with a heating and ventilation unit whereas
Enercorp assumed this area to be unconditioned. Both analyses used two-pipe
tan coil units for tne perimeter zone. Also, Enercorp scheduled the lights on
more infrequently and sperified a greater portinn of the heat frcom lights
going directly to the space than aid Los Alamos. Enercorp allowed DUL-2 to
size the HVAC air flow rates, whereas Los Alamos used the fan capacities gieen
on the as-built drawings. A few other differencer in assumptions for zone
conditioning, thermostat setpoints, heating/coo'ing equipment availahility
schedules, and number of zones ocrurred. hwese ditferences in inpat
assumptions are typical of the interpretations ot ditferent users when
analyzing tht same buirlding; tnis represents the “user effect.”

Figure 2 shows the results of these runs expressed in energy end use
qaantities (at the burlding site, 1ncluding steam generation and distribiat on

losses tor the CMU centra! steam plant) and browken down by heating, coaling,
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lighting, and miscellaneous energy use categories. Althaugh the sensitivity
of results to the input differences listed above was not determined, it is
noteworthy that the total energy use of the existing building is only slightly
over 12 per cent different for thr: two analyses. However, the differences in
the heating, cooling, and lighting categories are greater

Also shown in Fig. 2 are the results of the six passive retrofit
scenarios. Because of the HYAC modeling differences in the two sets of
analyses, the Los Alamos results show significantly less effect from the
passive retrofits that aduress the building loads (a maximum of 8 per cent
energy reduction from the base-case modifications compared with 24 per cent).
Therefore, how the bu’lding is modeled with a tool such as DUE-2, especrally
with regard to the “WAC system, can significantly affect the energy reduction
potential of passive solar retrofits.

Because o! the low effectiveness of the passive solar retrofits,
Los Alamos further analyzed a series of basic energy conservation scenarios
that emphasized HVAC system mndifications. The results of these runs, which
include one passive solar scenario, are shown in Fig. 3 in terms of both
energy and cost reduction; note the significant energy savings predicted,

The Use of DOE-2 in a Predesign Analysis

As pert ot the preparation of design criteria before A'E selection for
New bullding design, an in-house predesign energy study was, conducted or the
proposed Stable Isotopes Labordatory to be located at Lus Alamos. This 8,000
ftz laboratory/uvtfice building was analyzed to determine a target energy
budget, an approximate end.use breakdown so that the energy problem coald be
determined, dand energy cost savings expected from several proposed generic
energy -saving opportunities that might be appropriate to consider in the lato

phases of design,
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Because no details of the building construction were known, only data
dictated by the building program and Laboratory or DCE standards were
available. Theref =, the proposed building was modeled as a tive-zone
“shoebox" using a greatly simplified input file structure for DOE-2 developed
at Los Alarus. First, a base case conventional building was analyzed,
followed by a series of HVAC systems, lighting, and building envelope
alternatives, The results o! this energy programming aralysis set a target
energy buaget of 96,000 Etulft?-yr. exclusive of pracess enerygy, using a
combination of VAV and constant volume HVAC S)stems.

The results of the comparison between the conventiunal and
energy-conservative base-case buildings are shuwn in the energy eny use
category charts of Fig. 4, Note the significant energy reductiun resulting
from a proper sciection of the HVAL system. The 10-yr accrued energy cost
results of a set of envelope or architectural modifications
to the energy-conservative base case are shown in Fig. 5. Becduse this
building is internal-load dominated, the envelope improvements nave 1ittle
effect on the accrued energy costs. Consequently, passive sulas options tor
the building envelcpe will not warrant much consideration 1n later phases ot
design.  On the other hand, Fig. 0 shows that several engineering options,
mainly lighting reduction and HVAC system and plart variations, significant ly
atfect the energy costs. These results strongly suguest tnat enginecring
options he given greatest consideration in the later phases of design as they
represent the best oppor tunities for energy reduction.  Thas type of
information iy most amportant to the Azi decign tear and should be ind laded n
the desiygn crater iy report,

This example yllustCrates the flexbility and value of a tool such g

DOE-2 tar a tan by quick and smple analysts ot a baabaing i the predes g
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phase. Such a simplified analysis is done using a simplified input file in
which the vast majority of input variables are defaulted by DOE-2.

The Use of BLAST to Study Convective Heat Transter Mechanisms Within Thermal

Zones

Although BLAST has also been used for passive solar retrofit and
predesign studies of commercial buildings, it is more appropriate than DOE-2
for studies of the effect of detailed energy transter mechanisms within and
among zones of a builaing, The results of such studies are used not only to
develop heat transfer and passive solar mechanism models for BLAST, DOL-2, and
other building energy analysis tools, but tu aid in assessing and understanding
which mechanisins are important and which are not under a variety of conditions
fur different building types. A recent LBL study of the characterization of
convective heat transfer on the inside surtaces of a space will be described
to i1llustrate this kind of analysis.

A detailed temperature dependent algorithm for naturdl convective flows
over horizontal and vertical surfaces was added to a developmentdl version of
BLAST to assess the importance of the detailed modeling of these processes
compared with the use of the constant film.coefficient models now used in the
program. BLAST was run using both types of models tor g single-zone tost
builuing,

Figure /7 shows prelimminary results trom that study. The constant film
coetticrerts ordinarily used an BLAST are shown in brackets at the surfaces of
the zone; the temperatur '.dependent coeffacionts calculated by the detairled
expermental algorithm are shown above them tor sections of each surface,

Note the considerable differences between the coetticients calculated for
several of the surfaces, particalarly along the south wall.  These results

show that the common assumpt ion of constant convection coeffrcionty iy
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Although this study is not yet complete and the sensitivity uf the load and
building energy consumption results to these varying parameters has not been
fully assessed, this study shows that assuming these coefficients to be
constants may lead to substantial errors in thermal load and air temperature
calculations, and in the distribution of gains and losses among the building
surfaces.

Because convective heat transfer is the weakest link in our understanding
of energy transfers in buildings, and because such "~rocesses have not been
studied in sufficient detail, the use of BLAST for such purposes is highly
appronriate. Only with a program such as BLAST, where the interaction o
these processes with the HVAC system and with other e¢lements of the building
envelope and lighting system can be studied in a fully coupled and dynamic
manner, is this type of study appropriate.

V.  FUTURE DIRECTIONS

There are two primary issues related to future directiuns in high-level
building energy analysis compute: program development danu applications that
need discussion. The first deals with development needs and directions for
these programs, amd the second deals with the progress tha: is being made
toward increasing use of these programs.

Development Needs and Directions

The primary area of ongoing development tor DOE-2 and BIAST is in the
modit ication of these programs Lo improve their passive solar heativn,
cooling, and daylighting capabilities, Both DUt .2 and BLAST now incorporate
severdl passave capabilyties, primarily heating, and further development s
under way . 10,14, The chief weakness is in passave cooiing for BLAST and

JOE v and alse e dayhigh ting tor DOE 2. Both of these arevas require
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additional research before accurate correlations and models can be developed,
implemented, and tested in the programs.

A second area where these tools can be valuably developed and applied,
and where there is great need in the A/E community, is in the u;e of DOE-2 and
BLAST in parametric studies leading to the development of simplified design
tools, particularly for use in early design phases. Part of this effort
involves using the high-level programs to determine the range of applicability
of ex.sting simplified tools such as the SLR method [15] and Energy Graphics
[2]). Indeed, the development of simplified correlational design tools should
be based on the most complete, technically accurate and detailed, and
validated tools used as references.

A third area is in the use of these tools, combined with regional
economic analysis, in parametric studies for systems and concept assessment
for passive solar and other energy-conserving strategies. In this manner, the
general cost-effectiveness of experimental strategies, as applied to various
building types, can be identified for the design community.

Finally, the existing versions of DOC-2 and BLAST, which use separate
loads and systems programs wherein the variable temperature and system control
strategies are not properly treated, should be revised and combined into a
single research tool. The details of this tool are not known at this Lime,
but at a minimum, the tool should include combined loads/systems simuldtion,
full thermal balance loads capabilities, and tull interzone coupling.

Progress Toward Inu eased Use

Over the past five years, DOL 2 and BLALT have undergone extensive
development and revision, and only during the last two years have they been

used in a stable production mode.  Puring this Lime, many users have learned
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to use the prograns and the “fear factor" of learning to use a new,
sophisticated tool is gradually diminishing among building analysts and
designers. The continued decrease in this fear factor with more education and
wider use will in turn produce even more widespread use.

However, it has become evident that for DOE-2 or BLAST to be widely used
by design professionals, considerably simplified input schemes, including
graphical, need to be developed to reduce the cost and complexity of using the
programs. The use of DOE-2 with simplified input files, as described above,
is an example of what is needed.

Finally, DOE-2, BLAST, and other high-level analysis tools are so
comprehensive, powerful, and sophisticated that most design professionals
still will seldom find time or investment opportunity to learn their use, even
with simplified input/output. Consequently, the small number of specialized
building energy analysis firms that now exist will likely see significant
growth over the next 10 years. With the expected continued increase in real
fuel prices, coupled with new guidelines and standards being considered or
developed by professional organizations and at various levels of government,
the market for the services of such firms to the A/E industry and building
developers is sure to increase.
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TABLE 1
CAPABILITIES OF HIGH-LEVEL COMPUTER-DYNAMIC TOOLS

Hour-by-Hour Weather
Dynamic Calculations
Detailed Loads

° Building construction (including mass)
(] Shading

(] Multiple zones

° Passive solar

® Latent loads

° Tnternal load schedules

Detailed Systems

Wide vuriety of HVAC systems
Control :trategies
Ecrnomizer cycles

Exhaust air heat recovery
Fan operation

Detailed Plant

[ Wide variety of equipment (including solar, energy storage,
heat recovery)

(] Accurate part-load performance

(] Load management
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TABLE 2
DOE-2 PASSIVE SOLAR CAPABILITIES

Direct Gain and Large Thermal Mass

e Custom Weighting Factors
@ Shading devices

Night Insulation
@ Controlled by schedule
Thermal Storage Walls

® Vented and unvented
e Masonry or water walls

Sunspaces

e Attached sunspaces (convection and conduction through
massive walls between zones)

® Atriums

e Buffer spaces

Forced Ventilative Cooling
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TABLE 3
BLAST 3.0 PASSIVE SOLAR CAPABILITIES

Direct Gain and Large Thermal Mass -

® Multizone thermal balance (dynamic conductive and
convective coupling)

® Intersurface radiation

® Proper distribution of solar radiation in interior surfaces

® Shading devices

Night Insulation

¢ Controlled by schedule, energy flow, or temperature
difference

Thermal Storage Walls

® Unvented or vented to exterior
Sunspaces

e Attached sunspaces

® Atriums

® Buffer spaces

Forced Ventilative Cooling

Daylighting

Auxiliary System Control on Air and/or Mean
Radiant Temperature
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TABLE 4
WARNER HALL, CARNEGIE-MELLON UNIVERSITY
PASSIVE SOLAR RETROFIT OPTIONS CONSIDERED

Insulating Panels on A1l Windows

Insulating Panels South and East Windows,
Reflective Film Applied to North and West Windows

Canvas Awning Shades
Water Wall on South and East Windows
Light Shelf on South and East Windows

Added Insulation
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FIGURE CAPTIONS

Building design process schematic.

Comparison of energy use breakdown for several scenarios for Warner Hall,
Carnegie-Mellon University.

Annual energy use and cost comparison of Los Alamos modifications
analyzed for Warner Hall, Carnegie-Mellon University.

Energy end-use breakdowns for Stable Isotopes Laboratory, Los Alamos
National Laboratory.

Stable Isotopes Laboratory - architectural options.
Stable Isotopes Laboratory - engineering options.

Calculated and standard assumed convective coefficients in the BLAST
proyram.
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COMPARISON OF ENERGY USE BREAKDOWN FOR WARNER HALL
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ANNUAL ENERGY USE AND COST COMPARISON
OF LOS ALAMOS MODIFICATIONS FOR WARNER HALL
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STABLE ISOTOPES LABORATORY
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STABLE ISOTOPES LABORATORY ARCHITECTURAI OPTIONS
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GTABLE ISOTOPES LABORATORY~ENGINEERING OPTIONS
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